Thyrotropin receptors in thyroid plasma membranes. Characteristics of thyrotropin binding and solubilization of thyrotropin receptor activity by tryptic digestion.
Biologically active bovine 125I-thyrotropin preparations have been prepared, characterized, and used to evaluate the optimal conditions for thyrotropin binding to bovine thyroid plasma membranes in vitro. Binding of 125I-TSH has a pH optimum around 6.0 and is sensitive to the choice and concentration of buffer. Binding is inhibited by salts, especially those containing magnesium and calcium ions; magnesium concentrations optimal for adenylate cyclase assays (2 to 5 mM) result in 85 to 98% inhibition of binding. Binding is temperature sensitive. At 37 degrees binding has its highest initial level; however, instability of the membrane at this temperature causes a rapid loss of binding activity. Binding at 0 degrees is optimal in 30 min and at the same level as initial binding at 37 degrees; since there is no decrease in binding activity, it has been chosen as the optimal temperature. Thyrotropin, luteinizing hormone, the beta subunit of thyrotropin, and the alpha subunit of thyrotropin have relative binding affinities for the thyrotropin receptors of 100, 10, 2, and less than 0.5, respectively. In all of these characteristics, 125I-thyrotropin at 1.5 x 10(-5) M concentrations has the same properties of binding to bovine plasma membranes as do [3H]thyrotropin preparations which have been previously characterized (Amir, S.M., Carraway, T.F., Jr., Kohn, L.D., and Winand, R.V. (1973) J. Biol. Chem. 248, 4092-4100) and used to study binding at 5 x 10(-6) M concentrations. 125I-TSH binding as a function of hormone concentration results in curved Scatchard plots; however, Hill plots of these same binding data are linear and have a slope of 0.65. Taken together, these data suggest that the heterogeneity in thyrotropin binding constants which is evident in the Scatchard plot reflects a negatively cooperative relationship among the thyrotropin receptor sites, i.e. decreased hormonal affinity as hormone concentrations increase. Adenylate cyclase studies yield kinetic plots which also exhibit negative cooperativity; corrections for thyrotropin bound under the adverse binding conditions of the adenylate cyclase assays suggest that Km values for thyrotropin in this enzymatic assay are compatible with binding constants measured by the 125I-thyrotropin preparations. Tryptic digestion destroys binding activity on the thyroid plasma membrane but releases specific thyrotropin receptor activity into the supernatant phase. Chromatography on Sephadex G-100 indicates that this solubilized receptor fragment has a molecular weight between 15,000 and 30,000.